A common misconception regarding equilibrium is when the amount of reactants and products is the same. This activity is designed so that whenever an equilibrium system is reached the amounts of reactants and products are not the same. In Part I, the amounts of water in the reactant and product beakers are not equal though the rate of formation is the same. This is also occurs in Part III of the activity.
SAFETY
No safety issues for Part I and III. Potassium thiocyanate causes irritation to eyes, skin and respiratory tracts. Iron (III) nitrate nonahydrate is a strong oxidizer. Disodium hydrogen phosphate causes irritation to eyes, skin and respiratory tracts.
MATERIALS AND PREPARATION
Materials are for 4 sections with 16 groups (pairs) per class Part I: Prep time: 5 minutes Materials: For class demonstration a) 4 beakers: 100 mL and 50 mL and two 1000 mL beakers (A and B) b) 700 mL of water with 3 drops of food coloring in beaker A c) Graph paper This part of the lab can be done as a class demonstration or an activity. If it is done as an activity each group will need four beakers. Assembly of Models The red and yellow chips are red on one side and yellow on the other side. These chips can be purchased from www.educationworkshawaii.com (twocolor counting chips red and yellow, #LER7566). The 1 inch counting chips are $8.99 +tax/shipping for 200 chips. Clear, colorless chips can be cut from Plexiglass in 1inch rounds or squares. Another option for the colorless chips is to use key rings. They can be purchased from Gallagher Promotional Products (http://www.gppinc.com/). The site sells Chrome Plated Steel Key Rings 7/8" (Qty 250) for $5.50 + tax/shipping. The chips can also be made by gluing red and orange cardstock together and then laminating the sheets. The circles can be punched out of the laminated paper using a 1inch scrapbooking punch (any craft store for $9.00) or cut into squares. The clear and colorless chips can be made from laminating an acetate (overhead) and punched using the 1 inch punch or cut into squares.
Set up: For each group place 10 red/yellow chips and 10 colorless chips in a Ziploc bag. Also include the test tube reaction sheet.
RECOMMENATION FOR CLASSROOM SET-UP
If possible, place desks into pairs and set-up a seating chart with the assigned pairs. On the chart also assign the partner groups (see chart).
The arrows on the chart indicate the pair partners and the numbers indicate their assigned lab tables (Part II). Have students complete Part I in their desks. For section II, have students work with their partner and pair group (4 total) and complete the reactions at the lab tables. Though they are a group of 4, both groups should do the reactions separately. Then for Part III, have students return to their paired desks.
PRELAB ENGAGEMENT / QUESTIONS
Prior to the lab ask the students about reversible reactions they have seen before (physical or chemical). If necessary remind them about freezing/melting or any demonstrations you have done in class. Show the students an example of any reversible reaction. A possible demonstration is the Blue bottle demonstration (http://chemistry.about.com/od/chemistrydemonstrations/ss/bluebottle.htm).
Write a general reaction on the board:
Ask students "what are reactants in the forward direction? What are the products in the forward direction?" Write the reactions on the board.
Tell them today they will be studying reversible reactions and learning about equilibrium systems.
PROCEDURE Part I (as a demonstration):
The goal of Part I is to help students understand that an equilibrium system is a dynamic process. It is also have students graph and interpret data and understand that the amounts of reactants and products are not necessarily equal when a system is at equilibrium. Before class determine which groups will share answers during the Analysis section of Part I. At the beginning of the demonstration, have the students read Part I and construct a table to record their data on a separate sheet of paper. If necessary, help students develop the data table. In order to complete the demonstration quickly, warn the students that you will call out the volumes and they must record them. In other words you (the teacher) are not writing them down nor are you stopping the demonstration until the system has reached equilibrium. Follow the steps of the demonstration until the volume of Beaker A and Beaker B stay the same for 4 continuous cycles. Ask the students if you should keep going. You will have students that say no. Ask them why and they should say the volumes of water are not changing. In groups, have students complete the Analysis sections (graphing and analysis). While students work on this section it is important for the teacher to continuously check for conceptual understanding. Teachers should walk around and ask student groups' questions such as "why was it important for the water levels to remain the same for 4 continuous cycles?" While answering question #2 students may think that the correct points on the graph are where the two lines intersect. This is because they believe that the reaction is at equilibrium when the reactants and products are equal. Make sure to walk around and correct students of this misconception. Students may need assistance developing a definition for equilibrium. Encourage them to focus on the term "equilibrium" and focus on the graph. Eventually they should recognize that equilibrium is when the amounts of water in Beaker A and Beaker B don't change. After students have met with their partner groups, talk with individual groups to make sure they understand the definition of equilibrium.
Part II:
The purpose of this section is for students to investigate a macroscopic equilibrium system. Before starting, remind students to stir the reactions before making observations. In addition there are two different KSCN solutions (0.0010M and 0.10 M). Part III: Before starting Part III, students need to be taught how to write the equilibrium expression (Keq) for an equilibrium system. It is not necessary to teach them how to do any calculations before this part of the activity. The purpose of this section is to give students a particulate understanding of the equilibrium system from Part II. It is also to help students understand equilibrium constants and how they can be used to determine whether a reaction is at equilibrium or not. When introducing Part III, review what it means to have an equilibrium system (Part I). Also review the results of Part II, reminding students that there were three equilibrium systems in Part II. Remind students the colors of each system (orange red, dark red, light orange). Inform them that today they will learn how it is possible to have an equilibrium system even though the reaction is different colors. Some students may question the stoichiometry of this section (2 orange + 6 colorless ⇌ 3 red). If this is the case, explain that this is an analogy and that the particles were chosen to simplify the calculations. At the beginning of the make sure that students make the correct amount of reactants (2 orange chips and 6 colorless), products (3 products -colorless over red chip) and correctly fill in the chart for question #5. While the students are working, walk around and make sure students have the correct equilibrium expression (Keq) for the reaction. A common mistake is for students to write the ion charges as the exponents. Make sure they use the reaction coefficients from the balanced chemical reaction, not the ions charges in the equilibrium expression. When they are calculating the Keq value (question #7) make sure students are multiplying the concentrations (not adding) and reducing the fractions to lowest terms. Also when manipulating the reactants and products students should not add or remove any addition chips from the reaction. For Question #12, students may not recognize that they need to make reactants into products. Once they realize this, it may be necessary to remind them that the product is one colorless chip on top of one red chip. Once they start making products ask them, "how will you know when to stop making products?". Students should recognize that the system has reestablished equilibrium when the ratio of products to reactants is 1:4. Tell them to make one product at a time and recalculate the ratios (space for work on Question #12), until they have reestablished equilibrium.
PURPOSE:
To study equilibrium and understand what happens to the concentration of reactants and products in an equilibrium system. Part I: Investigating a simple physical equilibrium system. (Jordan) Materials: 4 beakers: 100 mL and 50 mL and two 1000 mL beakers (A and B)
PROCEDURE:
www. genchem1.chem.okstate.edu a) Put 700 ml of colored water in the large beaker "A". Leave the other beaker "B" empty. b) Record the volume of water in the beakers in your data table (Cycle 0). c) Transfer water between the large beakers using the following "rules"
• Use the 100 mL beaker to transfer water from A to B;
• Use the 50 mL beaker transfer water from B to A.
• Fill the small beakers as full as possible without tipping the large beakers in any way. Note: Depending on how carefully water is transferred, it may take more (or less) than 15 cycles to reach equilibrium.
A. Graphing
Graph the volume of water (in beakers A and B) versus cycle. Make sure you label the axis and title the graph. Be sure the reader can distinguish between the A and B points on the graph (use different colors or symbols for points). Trace the points to make smooth curves for each plot. 7. Using the equilibrium expression (K) and the number of each particles (Question #5), calculate the equilibrium constant for this reaction (leave in fraction form -reduced to lowest terms).
8. The color of a reaction is determined by which colored particles are most prevalent in the container. (In other words if there are 10 green particles and 8 blue particles in a container, the reaction will look green-blue). If two colors have the same number of particles then the color of the reaction is a mixture of both of them (10 red particles and 10 blue particles will look purple). Based on the ions on the paper, what color would we observe if we had moles of these ions in the same ratio as given by the chips?
The reaction should look reddish orange.
9. One stress that can be placed on an equilibrium system is to change the concentration of the reactants or products. Add 4 orange chips and 1colorless chips to your system. At this time do not touch or adjust the products. Now how many of each chip is in the reaction? Fill in the number on the 12. Without removing any ions (chips) from the test tube (paper), reorganize (make reactants into products or products into reactants) them such that the system will be at equilibrium. Use the space below to complete any necessary calculations.
13. Once you have successfully reestablished equilibrium, A) Fill in the chart below B) Calculate your equilibrium constant to be sure. C) What did you need to do to change your model so that it showed a system at equilibrium?
C) Needed to make more reactants into products. 18. Without removing any ions (chips) from the beaker (paper), reorganize them such that the system will be at equilibrium (make reactants into products or products into reactants). Use the space below for any necessary calculations. C) Needed to make more reactants into products.
What color is the reaction? Why?
The reaction should look more orange than red.
Generalize your results:
Removing the reactants from the system resulted in an increase/decrease (circle one) in the concentration of products.
Removing the reactants resulted in a decrease in the concentration of products.
POST LAB DISCUSSION
After completing the activity review the results of Part I. Have students state in their own words what it means to have an equilibrium system. Ask them "what the beakers look like when the equilibrium is established?" "Do the amounts of reactants and products need to be the same when equilibrium is reached?" Then review the results for Part II of the activity. Finally tie the results from Part II to the reaction in Part III. Have students look at the first reactions of Part II. In this reaction KSCN is added to the reaction and as a result the reaction turns red. Ask students "why does the reaction turn red?" Students should recognize that the reaction is making more (FeSCN +2 ) which is why it is red. Now have the students look back at the first reaction of Part III. Ask them "How do you know the reaction in Part III is at equilibrium?" Ask students "why was more (FeSCN +2 ) made in the reaction?" After completing Part III students should know that the reaction makes more products in order to re-establish equilibrium. Students should also understand that the equilibrium constant can help tell us whether or not a reaction is at equilibrium and which direction a reaction will proceed (making more reactants or more products) to reach equilibrium. In addition to having students make connections between the macroscopic in Part II and the particulate in Part III, it is also important for students to be able to explain Le Chatelier's principle using collision theory (why does increasing the concentration of a reactant produce more products). The follow-up questions focus students on these aspects of the activity.
